Yersinia ruhdei sp. nov. was isolated from feces of dogs and humans and from surface water. The organisms gave the key biochemical reactions typical of Yersinia species, including greater metabolic activity at 25 to 28°C than at 36°C. Y. ruhdei can be distinguished from other yersiniae by its positive reactions in tests for citrate and sucrose and negative reactions in tests for indole, acetoin (Voges-Proskauer), and rhamnose. Two biogroups were found among seven strains investigated, one of which fermented raffinose and melibiose. Deoxyribonucleic acid hybridization tests (hydroxyapatite method) showed average levels of relatedness of 93% at a 60°C incubation temperature and 97% at 75°C. Labeled Y. ruhdei deoxyribonucleic acid showed 30% to 63% relatedness to all Yersinia species except Yersinia ruckeri. The guanine-plus-cytosine contents of five tested strains were 48.7 to 49.4 rho]%. All strains possessed 0 antigens not typable with antisera of the extended typing scheme of Wauters, but most of them had H antigens typical of Yersinia enteruculitica biotype 1. Five tested strains belonged to lysotype X,. Y. ruhdei strains were susceptible to most antimicrobial agents; resistance or intermediate susceptibility was observed for ampicillin, carbenicillin, cephalothin, penicillin, and sulfonamide. Calcium dependency, autoagglutination, and Congo red pigmentation tests, which are indicative of the presence of a virulence plasmid to Y . enteruculitica, were negative in Y. ruhdei. The clinical significance for humans and animals is uncertain and requires further study. The type strain of Y. ruhdei sp. nov. is strain H 271-36/78 (= CDC 3022-85 = ATCC 43380).
The bacterium now known as Yersinia enterocolitica was first isolated by Schleifstein and Coleman, who called it "Bacterium enterocoliticum" (26) . Subsequent isolates were called "Pasteurella pseudotuberculosis rodentium" (17) and "Pasteurella X" (10) . Frederiksen systematically studied a large number of strains, concluding that the organism was a member of the Enterobacteriaceae in the genus Yersinia (15) . After the study of Frederiksen in 1964 and until 1979 , Yersinia enterocolitica was a repository for a large number of strains that differed from typical strains of the species in tests that included sucrose, raffinose, rhamnose, melibiose, and a-methyl-D-glucoside. These strains were termed Yersinia enterocolitica-like or atypical Yersinia enterocolitica. Further studies demonstrated that included among these strains were four species distinct from Y. enterocolitica (5) (6) (7) 27 ). These were Yersinia aldovae (rhamnose positive, sucrose negative), Yersinia frederiksenii (rhamnose positive, sucrose positive), Yersinia intermedia (rhamnose positive, sucrose positive, melibiose positive, raffinose positive), and Yersinia kristensenii (rhamnose negative, sucrose negative).
Serotyping studies have indicated that Yersinia H antigens are highly species specific (1) . Several strains isolated from dog feces and water in Germany and single human isolates from Germany and the United States possessed antigens that agglutinated with Y. enterocolitica H antisera, but were untypable with Y. enterocolitica 0 antisera. These strains differed from Y. enterocolitica by their negative reactions for indole production and the Voges-Proskauer test and their utilization of citrate. Most of these strains also fermented
MATERIALS AND METHODS
Bacterial strains. The Y. rohdei strains are listed in Table  1 . The strains of other Yersinia species that were used in deoxyribonucleic acid (DNA) studies have been previously described (3-7, 13, 27) . Strains were maintained at room temperature on nutrient agar (Centers for Disease Control [CDC]) or on tryptone soy agar (Institute of Hygiene).
Biochemical tests. Biochemical tests were done on all strains at the Institute of Hygiene and at the CDC. At the CDC biochemical test preparations were incubated at 36 and 25"C, unless otherwise specificed (see Tables 2 and 3) , by using the methods of Edwards and Ewing (12) with some previously described modifications (18, 19) . Unless otherwise specified, all biochemical tests were done at 28°C at the Institute of Hygiene, using the same methods with the following exceptions: carbohydrate fermentation media contained bromthymol blue as an indicator, and media for tartrate utilization were prepared as described by Kauffmann and Petersen (22) .
Phage typing. Phage typing of five strains was done at the World Health Organization Collaborating Centre for Yersinia (H. H. Mollaret) at the Institut Pasteur, Paris, France.
Antimicrobial agent susceptibility tests. Antimicrobial agent susceptibility was determined on Y. rohdei strains by using the disk method of Bauer et al. (2) at the CDC and the Federal German Standard Methods (11) at the Institute of Hygiene. The antimicrobial agents and concentrations used are listed in Table 4 . Serotyping. The strains were serotyped by slide agglutination as described previously (l), using the growth of 18-to 24-h cultures from nutrient agar or Kligler iron agar for 0 antigens and soft agar as described by Gard for H antigens. Antisera against 60 Yersinia 0 antigens and 38 H antigens were used (1) .
Virulence factors. Tests to assess virulence included calcium dependency at 37°C on magnesium-oxalate medium (20) , autoagglutination at 37°C but not at 22°C in MR-VP medium (Difco) (23) , Congo red pigmentation medium at 28°C (25) , and pyrazinamidase activity (21) . Production of heat-stable enterotoxin was examined by the suckling mouse test (16) , and formation of a heat-labile, choleralike toxin was tested by a GM1 enzyme-linked immunosorbent assay on microtiter plates, using Escherichia coli anti-LT (29) .
G+C content of DNA. The guanine-plus-cytosine (G+C) contents of Y. rohdei DNAs were determined spectrophotometrically by thermal denaturation (24) , with Y. enterocolitica 497-70 DNA included as a control. At least four separate determinations were done on DNA from each strain.
DNA hybridization. The hydroxyapatite method was used to determine the DNA relatedness of Y. rohdei strains to each other and to representative strains of other Yersinia species. The methods used have been described previously (8).
RESULTS AND DISCUSSION
Y. rohdei strains were isolated first from feces of healthy dogs and then from surface water in Germany (Table 1) . A computer search of the biochemical characteristics of all strains in the Enteric Laboratory Section at the CDC revealed no strains similar to Y. rohdei. Shortly thereafter a strain isolated from the stool of a 37-year-old woman in California was identified as Y. rohdei. The woman was suffering from diarrhea and abdominal cramps. A second human strain was isolated from feces of a healthy 3-year-old child in Germany. Later, six additional strains of Y. rohdei, not included in this study, were identified among strains of the culture collection of the Institute of Hygiene which were biochemically consistent with biogroup 1. These organisms originated from feces of healthy dogs (strains H269-36/78 and H275-36/78), surface water (H694-36/83 and . H705-36/83), and stool specimens from patients with enteritis (H375-36/84 and H96-36/85). It is not known whether Y. rohdei was the cause of diarrhea in the human cases. We hypothesize that the natural habitat of the organisms is water, leading to fecal carriage in dogs and humans and possibly an occasional infection.
Y. rohdei strains showed the key biochemical reactions typical of the Y. enterocolitica-Y . aldovae-Y. frederiksenii-Y. intermedia-Y. kristensenii group of yersiniae. These include greater metabolic activity at 25 to 28°C than at 36"C, motility at 25 to 28°C but not at 36"C, positive reactions at 25 to 28°C in tests for methyl red, citrate, urea, and ornithine decarboxylase, negative reactions in tests for HZS, lysine decarboxylase, arginine dihydrolase, phenylalanine deaminase, lipase, and deoxyribonuclease, and production of little, if any, gas from the fermentation of D-glucose and other carbohydrates. The biochemical reactions of Y. rohdei strains at both 25 to 28 and 36°C are shown in Table 2 .
Five Y. rohdei strains fermented raffinose and melibiose (biogroup l), and two strains (biogroup 2) did not. The differentiation of these biogroups from one another and from other Yersinia species is shown in Table 2 obtained at 25 to 28°C with previously published data in references 3 through 7, 13, and 27. A comparison of biochemical characteristics obtained at 36°C may be obtained by comparing the data in Table 2 with previously published data in reference 13 and 14.
Y. rohdei strains were susceptible to apalcillin, trimethoprim plus sulfamethoxazole, chloramphenicol, colistin, gentamicin, kanamycin, nalidixic acid, streptomycin, sulfadiazine, and tetracycline and were resistant or showed intermediate susceptibility to ampicillin, carbenicillin, cephalothin, penicillin, and sulfonamide (Table 4 ). There were no significant differences in susceptibility patterns in the two Y. rohdei biogroups.
All strains of Y. rohdei possessed 0 antigens that were not typable with 56 antisera of the extended typing scheme of Wauters (28) and 4 provisional 0 group antisera of AleksiC and co-workers (1). Three strains gave weak cross-reactions with 0:18 of Y . enterocolitica and 0:38 or 0:60 or Y . frederiksenii, which were removed by absorption without significant reduction of the homologous titer. All of the strains which we studied and two additional isolates from the Tests were done at 25°C at the CDC and at 28°C at the Institute of Hygiene. Identical results were obtained at both laboratories for most tests.
-, Negative after 2 days; + , positive within 2 days; ( + 1, positive in 3 to 7 days.
Small amounts of gas.
Institute of Hygiene culture collection had H antigens typical of Y. enterocolitica biatype 1. These findings are in contrast to results of previous studies which demonstrated species specificity of H antigens in Yersinia species.
Five strains tested belonged to lysotype X, (Table 1) .
Tests for calcium dependency, autoagglutination, and Congo red pigmentation, which indicate the presence of a virulence plasmid in Y. enterocolitica, were negative in Y. rohdei, as were tests for the detection of known enterotoxins. These results, tQgether with the demonstration of pyrazinamidase activity, suggest that Y . rohdei is an environmental organism rather than a pathogen for humans and warm-blooded animals.
G + C contents were determined spectrophotometrically for DNAs from five Y . rohdei strains. The G+C range was 48.7 to 49.4 mol%, There were no significant differences in (2) . DNA hybridization was done with labeled DNAs from four Y. rohdei strains, including the type strain, a biogroup 2 strain, and a human strain (not all strains were tested with any one labeled DNA [ Table 51 ). All strains of Y. rohdei were highly interrelated. The average level of relatedness under optimal DNA reassociation criteria (60°C incubation temperature) was 93%; the average level of relatedness in reactions done at 75"C, where only closely related DNA sequences can reassociate, was 97%, and the percent divergence of nucleotides within related DNA sequences was 0.5%. These high relatedness values indicate that all Y. rohdei strains, reagardless of source, geographic origin, and biogroup, belong to a single species. Labeled Y. rohdei DNA showed 30% or more relatedness to all Yersinia species other than Y. ruckeri (which most reasearchers feel should not be in the genus Yersinia [14] ). The highest level of relatedness (55%, average of three Y. rohdei strains) was to the type strain of Y. frederiksenii. These data are quite comparable to previously obtained values for relatedness among Y. enterocolitica, Y. aldovae, Y. frederiksenii, Y. intermedia, and Y. kristensenii (45 to 68%), as are the values obtained between species for percent divergence in the present study (7.5 to 13.0%) and in previous studies (7.0 to 13.0% [5-7, 13, 271 ). Since the previously described Yersinia species are 30% or less related to other members of the Enterobacteriaceae (5, 9) and Y. rohdei is as much as 55% related to Yersinia species, it was not necessary to determine the DNA relatedness of Y. rohdei to other Enterobacteriaceae. Percent divergence (%D) was calculated on the assumption that a 1% decrease in the thermal stability of a heterologous DNA duplex compared with that of the homologous duplex was caused by 1% of the bases within the duplex that were unpaired; it was calculated to the nearest 0.5%.
This value was obtained with labeled DNA from strain 3216-86 and unlabeled DNA from strain 3022-UT. This value was obtained with labeled DNA from strain 3306-85 and unlabeled DNA from strain P65. Labeled DNA from strain 3306-85 was 92 to 96% related to DNAs from other Y. ruhdei strains (data not shown).
glucoside, L-rhamnose, and salicin. Six of our seven strains produce acid from fermentation of lactose and maltose. Strains vary in reactions for growth in KCN and acid production from fermentation of raffinose and melibiose.
The strains formed 2 biogroups on the basis of positive (biogroup 1) or negative (biogroup 2) reactions for both raffinose and melibiose. Tests that differentiate Y. rohdei from other Yersinia species are shown in Table 3 . Y . rohdei strains were resistant to or showed intermediate susceptibility to ampicillin, carbenicillin, cephalothin, and penicillin and were susceptible to the other antimicrobial agents tested ( Table 4) . Y . rohdei strains had G+C content of 48.7 to 49.4 mol%.
Y. rohdei strains were isolated from the feces of dogs and humans and from surface water. The clinical significance of Y. rohdei as a diarrheal agent in humans and animals is uncertain and requires further study.
The type strain of Y. rohdei is strain H271-36/78(= 3022-85 = ATCC 43380).
Description of the type strain. Y. rohdei 3022-MT exhibits the characteristics of the species as given in Tables 2, 4 , and 5. The G+C content of its DNA is 49.1 mol%. It was isolated from dog feces in Germany in 1978.
